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(57) Abstract 

An atomizer (12, 50, 110. 136) has a 
chamber (20, 54, 110, 138) holding a liq- 
uid containing panicles of a desired material. 
Aerosol panicles are formed by using an as- 
pirating nozzle (14. 56) or ultrasonic vibrator 
(142) and the aerosol particles are carried in a 
gas flow. The aerosol particles are treated by 
increasing the charge on the aerosol particles 
by contact with a high voltage electrode (24, 
70, 92, 96, 98. 100, 118, 180) and the aerosol 
particles are passed through inertial separator 
stages (34, 42, 78, 84. 160, 166) to remove 
large aerosol particles from the flow so they 
are not discharged from the atomizer (12, 50, 
110, 136). 
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METHOD AND APPARATUS FOR 
CONTROLLED PARTICLE DEPOSITION ON SURFACES 

BACKGROUND OF THE INVENTION 
The present invention relates to a atomizer 
5 that permits forming an aerosol that is rapidly- 
deposited onto a surface, such as a wafer to avoid 
uneven depos i t ion . 

U.S. Patent No. 5,534,309, discloses a method 
and apparatus for the controlled deposition of particles 

10 on wafer surfaces. In Figure 3 of that patent an 
apparatus is shows where electrically charged aerosol 
particles are introduced into a deposition chamber. An 
electric field is established above the wafer surface to 
deposit the charged particles onto the wafer at a rate 

15 that is higher than can be achieved without such an 
electric field. without an applied electric field, 
particles can deposit onto the wafer only by the usual 
mechanisms of gravitational settling and Brownian 
diffusion. However, these mechanisms are insufficient 

20 by themselves to deposit particles at a sufficient high 
rate onto the wafer for certain applications. To 
achieve a high deposition rate, it is essential that a 
source of aerosol particles carrying a high level of 
electric charge be used, and that the electric field 

25 above the wafer be as high as practical to aid in 
particle deposition. 

Although increasing the electric field can 
increase the rate of deposition, the magnitude of the 
electric field is limited by electrical break-down in 

30 the carrier gas. At atmospheric pressures, if the gas 
is nitrogen or air, the maximum electric field is 
limited to 30,000 V/cm in order to avoid sparking or 
creating a corona discharge. If the applied electric 
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field cannot be increased to a high enough level to 
achieve an adequate deposition rate, the only recourse 
is to increase the charge on the particles in order to 
increase the rate of deposition. 
5 Although aerosol particles produced by 

atomization usually carry a natural electrical charge, 
the level of charge is quite low and inadequate for 
achieving a high deposition rate. 

SUMMARY OF THE INVENTION 

10 The present invention provides an aerosol 

generator for increasing the efficiency of deposition of 
the aerosol particles by enhancing the rate of 
deposition of the particles on a surface and reducing 
waste. Aerosol particles are small solid or liquid 

15 particles suspended in a gas. Aerosol particles of a 
desired material can be created by atomizing a liquid 
containing the desired material in a solution or 
suspension form, the liquid being volatile so it can be 
evaporated from the droplets to form aerosol particles 

20 of the desired material. The present invention provides 
a way of controlling the electrical charge on the 
particles so created and also controls the size of 
aerosol particles in order to make the deposition on a 
wafer more uniform. When the aerosol particles are 

25 produced by atomization, it is unavoidable that certain 
unwanted large droplets are also produced due to 
splashing of the liquid in the atomizer. if an 
ultrasonic atomizer or a compressed gas atomizer is used 
to atomize a liquid to form an aerosol, the aerosol 

30 particles are usually distributed over a wide particle 
size range. The large droplets produced by splashing of 
liquid may be carried by the airflow into the deposition 
chamber, and deposit on the wafer to cause non-even 
deposition patterns. Uneven deposition is undesirable 
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and must be avoided in order to produce wafers of the 
highest quality. 

In addition, large aerosol particles can 
easily deposit in the tubing carrying the aerosol into 
5 the deposition chamber. Over time, the tubing can 
become coated with a layer of the material used for 
forming the particles, which can be re-entrained and 
carried into the chamber and then deposit on the wafer 
as an unwanted contaminant. 
10 In this invention, method and apparatus are 

described which can effectively eliminate such large 
droplets from the aerosol stream to avoid contaminating 
the tubing carrying the aerosol to the deposition 
chamber, and causing wafer contamination and an uneven 
15 deposition pattern on the wafer. 

In addition to the above, the aerosol 
particles must be supplied to the deposition device in 
a controlled manner in order to deposit a precise 
quantity of particles onto the wafer. The present 
20 invention includes means by which aerosol delivery can 
be controlled so that a precise amount of the aerosol 
material can be delivered to the deposition chamber and 
deposited on the wafer surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 Figure 1 is a schematic representation of an 

aerosol generator used for controlled particle 
deposition according to the present invention ; 

Figure 2 is a modified form of the present 
invention providing for control valves to control the 
30 input of liquids and gas into the aerosol generator; 

Figure 3 illustrates a nozzle for forming an 
aerosol used in connection with a ring type electrode; 

Figure 4 illustrates a nozzle used with the 
generator Figure 1 having a screen type electrode; 
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Figure 5 illustrates the nozzle used with 
Figure 1 for generating an aerosol used with a tubular 
electrode ; 

Figure 6 is a schematic illustration of the 
5 nozzle of the device of Figure 1 illustrating a curved 
tube electrode for charging the particles; 

Figure 7 includes a modified form of the 
present invention schematically showing the use of 
impactors for removing large particles from an 
10 ultrasonic nebulizer prior to discharging the aerosol; 

Figure 8 is a schematic representation of an 
electrospray generator for producing an aerosol for 
surface particle deposition; 

Figure 9 is a schematic representation of a 
15 typical aerosol deposition chamber used with the 
improved aerosol generator of the present invention; and 

Figure 10 is a modified version of the aerosol 
generator and deposition chamber of Figure 10 using an 
additional electrode for enhancing particle deposition. 
2 0 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 is a schematic diagram of an aerosol 
generation apparatus 10 in which a compressed gas 
atomizer 12 is used to atomize a liquid 11 to form an 
aerosol . The atomizer 12 consists of one or more 
25 nozzles, with only one nozzle 14 shown, to form a high 
velocity gas jet. A compressed gas source 17 provides 
the high velocity gas flow. The liquid to be atomized 
is aspirated into the nozzle 14 through a tube 18 . The 
liquid 16 entering the nozzle 14 is sheared by the high 
30 velocity gas flow to form droplets containing the 
desired particle material to be deposited that are 
expelled into a chamber 20 of an outer housing 20. 

As mentioned earlier, the droplets formed are 
usually charged to some extent naturally, as a result of 
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the electrical properties of Che liquid 16. To increase 
the charge on the droplets, an induction electrode 24, 
is located at a short distance from the nozzle and 
aligned with the nozzle. A power supply 26 is used to 
5 establish a potential difference between the induction 
electrode and the atomizing nozzle 14. The potential 
difference created between the induction electrode 24 
and the nozzle 14 causes an electric field to be 
established at the nozzle, leading to the appearance of 

10 an electric or electrostatic charge on the droplets at 
the time they are formed at the nozzle by the gas jet. 
The level of electrical charge on the droplets created 
this way can be adjusted by adjusting the potential 
difference between the electrode and the nozzle 14. 

15 Figure 1 indicates that the housing 22 and the block 15 
in which the nozzle 14 is formed are electrically 
connected and at the same potential . 

To eliminate the unwanted large liquid 
droplets produced by the atomizer, one or more stages of 

20 an inertial impactor are provided. As shown, the divider 
wall 30 has one or more tubes or nozzles 32 through che 
wall and forms an outlet from the chamber 20. A first 
impactor plate 34 is supported on the housing and is 
aligned with the tube or nozzle 32. The impactor plate 

25 has a surface perpendicular to the axis of the tube or 
nozzle 32. The gas stream exiting chamber 20 carries 
the droplets through the tube or nozzle 32 . The high 
velocity gas passing through the tube or nozzle 32 is 
directed at a surface to cause droplet impaction on the 

30 surface. Droplets larger than the cut-point diameter of 
the impactor are removed by impaction as a result of the 
large mass of the droplets, while smaller droplets or 
aerosol particles, with insufficient mass to impact, are 
carried by the gas stream through chamber 3 6 and out a 
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tube or nozzle 38 mounted in a wall 40 forming the back 
wall of chamber 36. A second impactor plate 42 is 
aligned with the tube or nozzle 38 and larger droplets 
are impacted and removed from the flow of gas. The 
5 aerosol, carrying only droplets smaller than the cut 
point of these impactors, is then discharged from the 
chamber 44 through an outlet 46 . 

To insure that unwanted large droplets are 
completely removed, several such inercial impaction 

10 stages may be put in series. While two impaction stages 
are shown, in some critical . applications , three, four or 
more stages may be necessary to insure the complete 
removal of unwanted large droplets from the gas stream. 

The disclosed inertial impactor is one of 

15 several such inertial particle collectors that can be 
used for removing large droplets from the aerosol 
stream. Other inertial particle collectors that can be 
used include cyclones and impingers, among others. 

To control the precise delivery of aerosols to 

20 the deposition chamber or for other applications, the 
atomizer 50 shown in Figure 2 has a housing 52 forming 
a chamber 54 and an aspirating nozzle 56. A control 
valve 58 controls flow of gas from a source 60 to nozzle 
56. A computer 62 controls an electrical or pneumatic 

2 5 control signal to valve 5 0 and compressed gas, such as 

compressed air, compressed nitrogen, or argon, etc. is 
supplied to the atomizer 50 to begin aerosol generation. 
Upon removal of the control signal to the valve, the 
compressed gas supply to the nozzle 56 is stopped. 

3 0 Atomization and aerosol generation will then stop. 

As an alternative to using control valve 58 in 
the compressed gas line for controlling atomization, a 
control valve 62 can be installed in the liquid flow 
line 64 as shown in Figure 2. When a control signal is 
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applied to valve 62 it will open to allow liquid flow to 
the atomizing nozzle 56 through 57 to begin liquid 
atomization . An additional valve 66 is installed in a 
liquid line 68 leading to valve 62. Valve 66 is a valve 
5 with an adjustable opening, which is adjusted, usually 
manually, to achieve a desired liquid flow rate to the 
line 64 and atomizing nozzle 56 for the optimal 
formation of liquid droplets. For control purposes, 
although only one of the valves 58 or 62 is needed to 
10 control the start and stop of the atomization process, 
both valves may be used in the same apparatus to provide 
more flexibility by controlling liquid and gas flows 
separately . 

To increase the charge on the droplets, an 

15 induction electrode 70 is located at a short distance 
from the nozzle and aligned with the nozzle. A power 
supply 72 is used to establish a potential difference 
between the induction electrode 70 and the atomizing 
nozzle 56. The potential difference created between the 

20 induction electrode 70 and the nozzle 56 causes an 
electric field to be established at the nozzle, leading 
to the appearance of an electric charge on the droplets 
at the time they are formed at the nozzle by the gas 
jet. The level of electrical charge on the droplets 

25 created this way can be adjusted by adjusting the 
potential difference between the electrode and the 
nozzle 56 . The electrodes are mounted on an insulating 
support in the chamber in which they are used. 

To eliminate the unwanted large liquid 

30 droplets produced by the atomizer, one or more stages of 
an inert ial impactor are provided. As shown, the divider 
wall 74 has a tube or nozzle 76 through the wall and 
forms an outlet from the chamber 59 . A first impactor 
plate 78 is supported on the housing and is aligned with 



WO 98/09731 



PCT/US97/14562 



-8- 

the tube or nozzle 76 . The impactor plate 78 has a 
surface perpendicular to the axis of the tube or nozzle 
76. The gas stream exiting chamber 59 carries the 
droplets through the tube or nozzle 76 into a chamber 
5 80. The high velocity gas passing through the tube or 
nozzle 76 is directed at a surface to cause droplet 
impaction on the surface. Droplets larger than the cut- 
point diameter of the impactor are removed by impaction 
as a result of the large mass of the droplets, while 

10 smaller droplets, with insufficient mass to impact, are 
carried by the gas stream through chamber 30 and out a 
tube or nozzle 82 mounted in a wall 83 forming the back 
wall of chamber 80. A second impactor plate 84 is 
aligned with the tube or nozzle 82 and remaining larger 

15 droplets are impacted and removed from the flow of gas . 
The aerosol, containing droplets smaller than the cut 
point diameter of these impactors, is then discharged 
from a chamber 86 through an outlet 88. 

The induction electrode used in the apparatus 

20 shown in Figure 1 is in the form of a solid electrode 
plate located in close proximity to the nozzle. 
However, various electrode shapes are usable. In Figure 
3 a ring shape electrode 92 is shown spaced from and 
aligned with the nozzle 14 in the block 15 . The passage 

25 18 will aspirate liquid as in the apparatus of Figure 1. 
The gas jet and droplets aspirated will pass through the 
ring electrode and be charged as in the device of Figure 
1. A voltage source from the power supply of Figure 1 
also will be used. The ring electrode can be put into 

30 the housing of Figure 1 and the atomizer will operate as 
before but with the capabilities of a ring electrode for 
adding a charge to the droplets and particles. 

In Figure 4, the electrode 96 is in the form 
of a mesh screen. This also lets the jet of air and 
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particles pass through the screen and receive a charge 
from the voltage applied. The screen electrode is 
merely placed into the housing of Figure 1 and the 
atomizer operates as before. 
5 The electrode in Figure 5 is in the form of a 

straight axis tube 98. Again the jet of gas and 
droplets and particles aspirated will pass through the 
tube 98 and the droplets will be charged from the 
voltage applied from the power supply. 

10 The electrode shown in Figure 6 is in the 

form of a curved tube 100. The droplets -are charged as 
they pass through the tube 100, and will be directed 
downwardly in the chamber 20 of the atomizer of Figure 
1. The voltage is provided to the tube from the power 

15 supply. 

Indeed, electrodes of many other geometrical 
shapes can be used to induce a charge on the droplets 
containing particles. The requirement is that the 
induction electrode be insulated and that a sufficiently 

20 high voltage can be applied to the induction electrode 
relative to the atomizing nozzle to establish an 
electric field at the atomizing nozzle to cause droplet 
charge generation by induction. The advantage of using 
a straight tubing shown in Figure 5, or a curved tubing 

25 shown in Figure 6 is that the large droplets produced by 
atomization can be captured or collected on the walls of 
the tube to remove them from the gas stream, while not 
removing significant amounts of the fine droplets which 
are to be delivered from the outlet of the atomizer to 

30 the deposition chamber for deposition on the wafer. 

For some applications when the natural 
electrical charge is adequate or when particles can be 
deposited on a wafer without the use of an external 
electric field, the apparatus of Figures 1 and 2 can be 
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used with only the impactor plate or plates to remove 
large droplets and particles. No induction electrode is 
used, but the impactor plate or plates alone supply a 
source of large part icle- free aerosol to the deposition 
5 chamber and provide the method for the precise control 
of aerosol delivery to the deposition chamber. The 
resulting systems are exactly like the systems of 
Figures 1 and 2 except the electrodes are removed from 
chambers 20 and 59, respectively. An impactor plate is 
10 then placed in alignment with the nozzle carrying the 
droplets and inertial separation will occur in the 
chambers 20 and 59, respectively. 

For applications where a charged aerosol is 
needed, but it is unnecessary to remove the coarse 
15 droplets, the atomizers will be configured with only the 
chambers 20 and 59 with the electrodes installed. There 
would be no impactor stages and the aerosol will be used 
as it is discharged from the chambers 20 or 59 . 

When the induction electrode is held at a 
20 sufficiently high voltage relative to the surface of the 
liquid at the nozzle, a phenomenon known as electro- 
spray may begin to operate to cause liquid atomization. 
In electro-spray systems which are known, the liquid is 
supplied to the nozzle head at a controlled rate. The 
25 high voltage electric field at the nozzle surface 
produced by the induction electrode causes the liquid to 
spray into a stream of fine droplets without the use of 
an atomizing gas. The droplets produced by electrospray 
are usually quite small and are advantageous for certain 
30 applications. 

Figure 7 shows a system using an electrospray 
to produce fine droplets for deposition onto a wafer. 
A chamber 110 is formed by a housing 112, and an inlet 
tube 114 carries liquid with the desired particle 
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material, into the chamber 110 from a liquid feed 116. 
The liquid feed is a jet , under sufficient pressure so 
the spray or jet reaches an electrode 118. The 
electrode 118 is a ring type electrode, as shown, that 
5 has a central axis aligned with the tube 114. 

The electrode 118 is insulated from the 
housing and is connected to a power supply 120. An 
outlet tube 122 passes through the rear wall of the 
housing 112 for providing an outlet for the charged 
10 particles. The outlet tube is of larger diameter than 
the inlet tube 114. 

Although a compressed gas is unnecessary for 
atomization in this case, gas is introduced into the 
spraying chamber through a gas inlet 124 from a 
15 compressed gas source 126. The line form the source to 
the inlet has a valve 128 for controlling gas flow into 
chamber 110. The valve 128 may be controlled 

automatically by a computer 130. 

The gas flow serves to convey the droplets out 
20 of the chamber 110 to form an aerosol for delivery to 
the desired location for deposition onto a wafer. The 
use of a computer controlled valve for controlling gas 
flow into the atomizer chamber makes it possible to 
control the precise delivery of the charged aerosol to 
25 the deposition chamber. 

It should be noted that the material and large 
droplets that are removed by the impactor stages are 
salvaged and returned to the supply liquid. The 
discharges aerosol has fine droplets so a high 
30 percentage of the particles are utilized on the wafers 
on which the particles are used. 

In some cases, it may be advantageous to use 
high frequency ultrasonic energy to breakup the liquid 
to form an aerosol rather than using a compressed gas 
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source to supply energy for atomization. The methods 
described above for the removal of large droplets and 
for controlling gas flow to carry the droplets to the 
deposition chamber can still be used. Figure 8 shows an 
5 ultrasonic nebulizer 134 for liquid atomization. 

The nebulizer comprises, in schematic form, a 
housing 136 having a chamber 138 with a liquid 140 
partially filling the chamber. An ultrasonic transducer 
142 is in contact with the liquid in the chamber and it 

10 is powered to provide ultrasonic energy to the liquid to 
break up the liquid into droplets 146 above the liquid 
level. Compressed gas from a source 148 is provided to 
an inlet tube 150 leading to the chamber 138. The gas 
can be provided through a valve 152 which is controlled 

15 by a computer 154, which controls the rate of flow in 
accordance with selected inputs, such as deposition rate 
of droplets in a deposition chamber or a manual input of 
the desired flow rate. Alternately, the compressed gas 
may be provided to the chamber directly through a flow 

20 control orifice. 

The droplets 146 are carried to an outlet 156 
into a first impactor chamber provided in the housing, 
having an impactor plate 160. The impactor plate 
collects the larger droplets and droplets or aerosol 

25 particles below the cutoff point of the impactor are 
carried to an outlet 162 and into a second impactor 
chamber 164 . 

The second impactor chamber 164 has an 
impactor plate 166, which removes additional oversize 

30 droplets, and the resulting aerosol is then discharged 
out an outlet 168 to a deposition chamber for coating a 
wafer. 

The various methods of aerosol generation 
described above can be used with a deposition chamber 
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for depositing particles onto a surface without an 
applied electric field as shown in Figure 9, or with an 
applied electric field as shown in Figure 10. 
Schematically the aerosol generator 170 provides a flow 
5 of an aerosol to a deposition chamber 172, through an 
inlet 173 aligned with a wafer 174 positioned on a 
support. The flow of gas passes out an outlet 176 and 
then through a filter 178 for exhaust. 

In Figure 10 the same arrangement is shown and 
10 is numbered the same, except that an electrode 180 is 
positioned surrounding the inlet 173. A power supply 
182 is connected between the wafer (it is connected to 
the wafer support) and the electrode 180 to create an 
electric field between the electrode and wafer to aid in 
15 moving the aerosol particles toward the wafer. 

A flow of clean purge gas can be used in the 
chamber 172 to reduce contamination in the preferred 
method shown in Us Patent 5,534,309 referred to above. 

The methods and apparatus described above can 
20 be used for the controlled generation of a droplet 
aerosol. If the aerosol material to be deposited is in 
the form of a viscous liquid or a solid, the material 
must first be dissolved in a suitable solvent or 
suspended in a carrier liquid for atomization. Some of 
25 the solvent or carrier liquid will evaporate from the 
atomized droplets, while the remainder will stay with 
the droplets and deposit on a surface. When enough 
droplets are deposited on the surface a thin layer will 
form. The remaining solvent or carrier liquid can then 
3 0 be evaporated from the surface to form an even thinner 
layer of the non-volatile aerosol material. 

The method and apparatus are particularly 
advantageous for the formation of an aerosol having 
particles of a photoresist material for deposition onto 
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a semiconductor wafer in order to form a thin layer of 
photoresist for photo-lithography. in current 

technology, photoresist is applied to wafers by 
spinning. A measured amount of photoresist solution is 
5 applied to the center of a spinning wafer and flows out 
radially over the wafer surface by centrifugal force. 
Most of the liquid is spun out as droplets at the edge 
of the wafer and collected as waste. The thin layer of 
photoresist remaining on the wafer surface is used for 

10 subsequent photo- lithography . This conventional method 
of photoresist application is quite wasteful of 
material. Typically only a small fraction of the 
photoresist, from less than on percent to a few percent 
of the photoresist is deposited on the wafer and 

15 utilized while the rest is collected as waste. 

The method and apparatus described in this 
invention, when used to form an aerosol carrying 
photoresist particles for deposition on wafers, can 
result in significant saving in photoresist material . 

2 0 Only a small amount of photoresist material is 

aerosolized in this invention, and most of the 
aerosolized materials are deposited on the wafer by the 
method and apparatus described with little or 
essentially no waste. The resulting photoresist layer 
25 can also be much thinner than can be achieved by the 
conventional spin-coating method. This is important for 
the new generation of semiconductor integrated circuit 
devices with very small line widths. 

Another application of the methods and 

3 0 apparatus here described is the generation particles of 

a high dielectric constant material, such as barium 
strontium titante (BST) , which is gaining increasing 
important to semiconductor device fabrication. Thin 
layers of liquid containing the required ingredients to 
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make BST films deposited by the methods and apparatus 
here described would make it possible for the formation 
of thin films on the wafer for semiconductor device 
fabrication. 

5 Although the present invention has been 

described with reference to preferred embodiments, 
workers skilled in the art will recognize that changes 
may be made in form and detail without departing from 
the spirit and scope of the invention. 
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WHAT IS CLAIMED IS : 

1. An atomizer comprising a source of a liquid 
containing a desired material for deposition on a 
surface with the liquid being reduced to aerosol 
particles in a chamber, a source of compressed gas 
forming a flow through the chamber to carry the aerosol 
particles to an outlet, and an apparatus for controlling 
the characteristics of aerosol particles discharged from 
the atomizer to increase the deposition efficiency of 
aerosol particles containing the desired material . 

2. The atomizer of claim 1 wherein the apparatus 
for controlling the characteristics of the aerosol 
particles comprises an induction electrode to provide a 
charge to the aerosol particles prior to discharge of 
the flow from the . atomizer . 

3 . The atomizer of claim 2 wherein the chamber 

has a supply of liquid therein and wherein an ultrasonic 
generator is mounted in the chamber to expose the liquid 
to ultrasonic energy to form aerosol particles above the 
liquid. 

4. The atomizer of claim l wherein the liquid is 

reduced to aerosol particles in the chamber by a nozzle 
carrying a high velocity gas into the chamber and 
aspirating liquid into the nozzle. 

5 . The atomizer of any one of claims 1 or 4 

wherein the apparatus includes a liquid feed nozzle for 
spraying liquid into the chamber to reduce the liquid to 
aerosol particles and wherein the apparatus for 
controlling the characteristics of the aerosol particles 
comprises an induction electrode to provide a charge to 
the aerosol particles received from the liquid feed 
prior to discharge of the flow from the atomizer. 
6. The atomizer of any one of claims 2 or 5 

wherein an outlet from the chamber comprises a tube 
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aligned with the liquid feed nozzle and the electrode is 
a ring electrode also aligned with the liquid feed 
nozzle and the outlet tube. 

7. The atomizer of any one of Clams 1-6 wherein 
the apparatus for controlling the characteristics of the 
aerosol particles includes one or more' inertial 
separators for receiving a flow of gas and aerosol 
particles and removing larger aerosol particles from the 
flow of gas prior to the discharge of the flow from the 
atomizer. 

8. An atomizer comprising a nozzle^, a source of 
compressed gas to provide a gas flow through the nozzle, 
a source of liquid to be atomized connected to the 
nozzle for atomization as the compressed gas is 
discharged from the nozzle, and an electrode having a 
desired potential positioned in a location spaced from 
the nozzle and carrying an electrical charge to 
electrically charge droplets of the liquid discharged 
from the nozzle. 

9. An atomizer for obtaining a flow of aerosol 
particles in a gas stream, including a chamber 
containing liquid droplets carried in a gas stream 
through an exit orifice, an impactor plate aligned with 
said exit orifice for receiving the droplets and causing 
the removal of large droplets , said impactor plate being 
in a first chamber, and a second exit orifice from said 
first chamber for droplets carried in the gas stream 
after impingement on the impactor plate . 

10. The atomizer of claim 9, and a second chamber 
into which the second exit orifice discharges, and a 
second impactor plate in said second chamber to receive 
the droplets carried through said second orifice and 
remove large droplets from the flow, said second chamber 
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having a third exit orifice therefrom for carrying the 
droplets . 

11 • A method of providing an aerosol containing 
particles of a desired material to be deposited on a 
surface, comprising the steps of providing a liquid 
containing the desired material for deposition on a 
surface, reducing the liquid to aerosol- form in a 
chamber, providing a flow of gas through the chamber to 
carry the aerosol to an outlet, and modifying the 
characteristics of the aerosol prior to discharge from 
the chamber to increase the deposition efficiency of 
aerosol particles created in the reducing step. 

12 . The method of claim 11 wherein the step of 
modifying the characteristics of the aerosol includes 
passing the aerosol through an inertial separator and 
removing larger aerosol particles from the flow of gas 
prior to the discharge of the aerosol from the atomizer. 

13 . The method of claim 11 wherein the step of 
modifying the characteristics of the aerosol comprises 
applying an electrostatic charge to the aerosol prior to 
discharge of the flow from the atomizer. 



WO 98/09731 



PCT/US97/14562 



1/6 

F/<$/ 



co/np/?ess£D 

GAS 



26 



ArXOSOL 



POW£# 




3ZZSZZSZSZZS1 



// 



36 



WO 98/09731 



PCT/US97/14562 




WO 98/09731 



PCT/US97/14562 



3/6 





WO 98/09731 



PCT/US97/ 14562 



4/6 




PCT/US97/14562 



5/6 




WO 98/09731 



PCT/US97/14562 



6/6 



/7V 



/70 




/73 



y y r*y -7—7 



A '" " 

y 'i 

y / , ; \ i 



^5 



v? / / i ] / -r-rx 



/7£- 



F/&9 



/7Z 



/73 



/IF&OSOL 



/70 



/SO 



/7V 




F/G./O 



SUPPLY 



~/7S 



/76 



EXWAC/STy4A/D 



INTERNATIONAL SEARCH REPORT 



Inn jJional Application No 

PCT/US 97/14562 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 B05B7/00 B05B5/043 B05B17/06 



According to international Paien: Classification ;*PCl or to Doth national classification and IPC 
8. FIELDS SEARCHED 



Minimum documentation searcned [Classification system followed by classification svmbolsi 

IPC 6 B05B 



Documentation searched other than minimumdocum<?Ptation to the axie-it that sucn documents are included r tne hetds searched 



Electronic aata base consulted during me international search (name of data base and. wnere p'act'cai. searci terms us«d) 



C. OOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation ot document, with indication, where appropriate of the relevant passages 



Relevant to cunm Mo. 



EP 0 165 695 A (FANETECH INST LTD) 27 

December 1985 

see page 5. line 20 - page 6. column 25 

FR 2 291 800 A ( BERTIN & CIE) 18 June 1976 

see page 4. line 26 - line 39 

US 5 110 618 A (FAUST HORST) 5 May 1992 
see the whole document 



FR 1 017 481 A (0NERA) 6 December 1952 
see page 2. right-hand column, line 52 
page 3. left-hand column, line 17 



I. 4.7. 

II, 12 



I. 4,7, 

II, 12 



1 

2.3 

8 

2,5.6 



-/- 



Further documents are listed ;n the continuation of box C 



Patent family merroers are listed >n annex. 



' Special categories of cited documents : 

""A" document defining tne general state of the an which is not 
considered to be of particular relevance 

'c** earner document but published on or after the mtemationai 
'ilmg date 

"L" document which may throw doubts on priority claim(S) or 
which is cited to estaousn the publication dale of another 
elation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published poor to the international filing aate but 
later than the priority date claimed 



"T" later document publisheo after the international t.nng date 
or pnonty date and not m conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when Ihe document is taken alone 

"Y" document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
m the art. 

document member of the same patent family 



Date of the actual completion of ihemternalionat search 



19 November 1997 



Oate of mailing ol the international search reoort 



28/11/1997 



Name ana mailing address ol the ISA 

European Palent Office. P 6. 53 1 8 Palennaan 2 
NL - 22flO MV Rijsw.fK 

fet (<-3i-70) 3^0-2040, Tx. 31 651 epo m. 
Fax: (^31-/0) 340-3016 



Authorized officer 



Juguet, J 



-orm PCT<lSA-2iO isffccvj srteelUJuiy l<)92) 



page 1 of 2 





INTERNATIONAL SEARCH REPORT 


Inu jtionat Application No 






PCT/US 97/14562 


C. (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation ot document with indication where appropriate, ot the relevant passages F 


Relevant to claim No 


X 


US 4 669 671 A (HASTINGS EDWAKU t; c June 


8 




1987 






see abstract 




A 




2,5,0 


X 


US 4 335 419 A (HASTINGS EDWARD E) 15 June 


8 




1982 






see abstract 


2.5,6 


A 





X 


EP 0 608 176 A (BMA TECHNOLOGIES) 27 July 


9. 10 




1994 






see the whole document 




X 


US 5 304 125 A (LEITH DAVID H) 19 April 


9 




1994 






see the whole document 




X 


GB 640 808 A (CHARLES AUSTEN LTD) 26 July ! 


9 




1950 






see the whole document 




X 


GB 525 736 A (PARR, CHARLES AUSTEN LTD) 3 


9 




September 1940 






see the whole document 





f orm PCT/'SAi^ 10 (continuation ot second shaei) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family memoers 



Inti. dtional Application No 

PCT/US 97/14562 



Patent document 
cited in search reDort 



Publication 
date 



Patent family 
memberfs) 



Publication 
date 



EP 


0165695 


A 


27-12-85 


JP 1453292 


C 


10-08-88 












A 
M 


01 11 or 










■IP fi?fld?674 


0 
D 


no r\ci o~? 










OF 3^64100 


A 
M 


I b-uy-do 










US 4608942 


A 


02-09-36 


FR 


2291800 


A 


18-06-76 


JP 51119509 


A 


20-10-76 


US 


5110618 


A 


05-05-92 


DE 3925539 


A 


07-02-91 










CA 2022427 


A 


03-02-91 










EP 0411499 


A 


06-02-91 










JP 3065261 


A 


20-03-91 


FR 


1017481 


A 


06-12-52 


NONE 






US 


4669671 


A 


02-0.6-87 


NONE 






US 


4335419 


A 


15-06-82 


NONE 






EP 


0608176 


A 


27-07-94 


FR 2700482 


A 


22-07-94 










W0 9416823 


A 


04-08-94 


US 


5304125 


A 


19-04-94 


NONE 






GB 


640808 


A 




NONE 






G8 


525736 


A 




NONE 







form PCr'l3A/2io (o*mrf family annei) (July 1992) 



